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Near NZE ThoughtsNear NZE Thoughts
•• 11stst: Do as much Energy Saving, Energy Efficiency as Possible: Do as much Energy Saving, Energy Efficiency as Possible
•• 22ndnd: Use as much Renewable Power as Possible: Use as much Renewable Power as Possible

• CHALLENGES: Intermittency, Non-Coincidence, Remoteness, Cost, 
Integration with Demands

•• 33rdrd: : ““ComplementComplement”” with with DispatchableDispatchable 
Resources: DG, CHP, biomass, hydroResources: DG, CHP, biomass, hydro

•• 44thth:  Handle Instantaneous Power & PQ:  Handle Instantaneous Power & PQ 
w/ Smart Communications and Controlw/ Smart Communications and Control

NREL, 2008

http://en.wikipedia.org/wiki/Image:Mafate_Marla_solar_panel_dsc00633.jpg
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Importance of IntegrationImportance of Integration
Load Profile Engineering Load Profile Engineering –– Housing/Residential Building ExampleHousing/Residential Building Example
•• Very little thermal and low electrical loadVery little thermal and low electrical load
•• Loads increase during the day to meet comfort requirements with Loads increase during the day to meet comfort requirements with 

increased activity  increased activity  
•• Increased heat load for winter nightsIncreased heat load for winter nights
•• In summer, electric demand is much greater (cooling)In summer, electric demand is much greater (cooling)
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Importance of IntegrationImportance of Integration
Load Profile Engineering Load Profile Engineering –– Laboratory/Industrial Building ExampleLaboratory/Industrial Building Example
•• More energyMore energy--intensive requiring large amounts of both electrical and intensive requiring large amounts of both electrical and 

onon--demand high temperature hot water demand high temperature hot water 
•• Heating demands for winter and summer are nearly equivalent due Heating demands for winter and summer are nearly equivalent due to to 

the 100% air circulation through the building the 100% air circulation through the building 
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UC Merced ExampleUC Merced Example
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UC Merced ExampleUC Merced Example

Importance of IntegrationImportance of Integration
OPTIMIZED NODAL

(Phase 1, with Town)
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Importance of IntegrationImportance of Integration
UC Merced ExampleUC Merced Example
•• Emissions and Efficiency estimatesEmissions and Efficiency estimates
•• Phased IntegrationPhased Integration
•• Various phases and technology component optionsVarious phases and technology component options

• Boilers
• Gas Turbines
• Solid Oxide Fuel Cells
• Hybrid SOFC-GT
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Power Park ConceptPower Park Concept
Integration is key to energy /emissions savingsIntegration is key to energy /emissions savings
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USE MORE ELECTRICITYUSE MORE ELECTRICITY

Mass TransitMass Transit

Battery Electric VehiclesBattery Electric Vehicles

PlugPlug--in Hybridsin Hybrids

ZEVZEV••NETNET

Integration with TransportIntegration with Transport
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FC

FUEL CELL HYBRID VEHICLE

POWER 
CONTROL UNIT

SECONDARY
BATTERY

MOTOR

FUEL CELL HYDROGEN

Integration with TransportIntegration with Transport
PlugPlug--In HybridIn Hybrid 
Fuel Cell VehicleFuel Cell Vehicle 
(PHFCV)(PHFCV)
••Meet longMeet long 
range drivingrange driving 
demandsdemands
••Fast refuelingFast refueling
••Small, costSmall, cost-- 
effective FCeffective FC
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DIGESTER GAS

LAND-FILL GAS

Energy Station

• Electric Power Generation

• Thermal Power Generation

• Hydrogen Generation

NATURAL GAS

“Renewable Energy Station”

•Green Electricity

•Green Thermal Power

•Renewable Hydrogen

Integration with TransportIntegration with Transport
Energy Station Concept Energy Station Concept –– locally colocally co--produce Hproduce H22

PV

2009:2009: WorldWorld’’s First Renewable High Temperature s First Renewable High Temperature 
Fuel Cell Hydrogen CoFuel Cell Hydrogen Co--Production DemonstrationProduction Demonstration 
Orange County Sanitation District, Fountain Valley, CAOrange County Sanitation District, Fountain Valley, CA

UC Irvine H2 Fueling Station 
350 bar; 700 bar; liquid (future)

http://en.wikipedia.org/wiki/Image:US-DeptOfEnergy-Seal.svg
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Importance of Dynamics and ControlImportance of Dynamics and Control
Dynamic Modeling ToolsDynamic Modeling Tools
•• MATLAB/SimulinkMATLAB/Simulink®® environment selectedenvironment selected

• User friendly, widely available/used, ideal for controls development
•• Main assumptions:Main assumptions:

• quasi-steady state chemistry and electrochemistry (e.g., 
characterized by Nernst potential and losses)

• Simplified geometry (but including some geometric resolution)
•• Focus on dynamic solution of the essential FC and other Focus on dynamic solution of the essential FC and other 

component features such as:component features such as:
• Nernst potential
• Electrochemical losses
• Species concentrations and Mass conservation
• Energy conservation
• Momentum conservation 
• Heat Transfer
• Chemical Reaction
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Importance of Dynamics and ControlImportance of Dynamics and Control
• Planar SOFC with 10 Discrete Computational Nodes

• Anode Gas, Cathode Gas, Cell EEA, Separator Plates

• Reformer Module with 5 Discrete Computational Nodes
• Anode Off-Gas Recycle, Fuel Mix, Combustor HX, Catalyst Bed
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Importance of Dynamics and ControlImportance of Dynamics and Control
Integrated Renewable Residential Fuel Cell SystemIntegrated Renewable Residential Fuel Cell System
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Importance of Dynamics and ControlImportance of Dynamics and Control
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Importance of Dynamics and ControlImportance of Dynamics and Control
Integrated Renewable Residential Fuel Cell SystemIntegrated Renewable Residential Fuel Cell System –– 4.2 kW FC 4.2 kW FC 

& 7.9 kW EZ Supply & Demand Power Flow& 7.9 kW EZ Supply & Demand Power Flow
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Importance of Dynamics and ControlImportance of Dynamics and Control
UC Irvine Load Profile Engineering Research:UC Irvine Load Profile Engineering Research:
•• Continuously monitoring four commercial buildings in the Continuously monitoring four commercial buildings in the 

University Research Park (URP) for more than 4 yearsUniversity Research Park (URP) for more than 4 years
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Importance of Dynamics and ControlImportance of Dynamics and Control
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Importance of Dynamics and ControlImportance of Dynamics and Control
Breakdown of Building Electrical Demand

Quantum Building Oct 29-Nov 5
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Breakdown of Building Electrical Demand
Quantum Building Oct 30
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Basic Cost Equation (without heat recovery):Basic Cost Equation (without heat recovery):

CONTROLLER ATTRIBUTES

Basic Cost Equation (with heat recovery and thermal storage):Basic Cost Equation (with heat recovery and thermal storage):
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Importance of Dynamics and ControlImportance of Dynamics and Control
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CONTROLLER ATTRIBUTES
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Minimization of cost function for Quantum Office Bldg., Oct. 30th

1-250 kW FC, 1-60kW MTG, 1.3COP Abs. Chiller

Importance of Dynamics and ControlImportance of Dynamics and Control
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